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t~~.ecan be s~ved if ~llisperf~r~.antecan be pr~dicted from si;@e-
cyli.nd.ertests. . A comparison.has been made of the cooling perform-
ance o.f.asingle-cylindsrengine with that of a multicyl~.nderei-lgine
(reference 2).

The object of the present report.is to present tests on the
performance and cooling of an air-cooled cylin.d.erjfrom.a Pratt &
Vhitney R-280C-21 encinej mounted on a single-cylindertest base.
The tests wwe run over a wide range of conditions to check further
‘thecorrect.rlessof t-necocll-n~f3~l.12.tiO~i. T~i.s q~lj.nde~ had a

machined alwni,num-firmedw.ff shrunk on the,steel barrel, a type of
comtruction similar to that tested ~;[ithelectrically heated coils.
Another object of this report is to present resnlts on the adequacy
of the thermal >ond between the muff and the steel barrel of this
c,ylinckr. The results of the s~ngle-cylinder-en~inetests are com-
ne,redwiVn the cooling of a l?rat+& !TnitneyR-28flC-27en~ine that
~P.stested in a wind.tmnel (ref&ence 4). This comparison was pos-
sible becallsetinecooli.n~-surfac~areas of the cylinders of both
engines were the s.a~e. 1.

.,
The coolin~ reqvireneo.tsOX tne multicylinder engine were

obtained from the sin~le--cylird9r-en@.r1ecooli.n~equation a;ndfrom
the correlatj.on.factcrthat w.sjestablished between the s~@le-
cylinder and the m.ulticylinclerTests for several power ratings and
fvel-air ratios for se-a-levelpressure and.tevperatr,re.

t

iAn equation ‘wasdeveloped ,n reference 1 by which the averaqe
I

ternperatwe over the head and bprrel of an eriginecylinder colJ.lclbe
calculated● The equation for ,t!!eherd, in the notation of the
present paper is:

7

(1)

.:
i Th averaze tewxra.ture over cy].inder-?leadsrrface when heat equ.i-

lihriiimis ettained~ ‘I’,,

ta temiieratvreo.fcooliqssair at face of engine, ‘F

r
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K

ao

.Ap

P

P&J

m

mean effective gas temperature, %’

constant

internal-surfacearea of head of cylinder, square inches

indicated horsepower for each cylinder

constant

constant

outside–wall area of c:~linderhead, square inches, (does not
include rocker-box skfaces)

pressure drop across cylinder,
out of exit of baffle)

average density of ccolint~air

(pound)(sSCOIl”~)‘/footb

density of air at T?.92 inches

inches of water, (includes loss

enterin~ and leaving fins,

of mercury and 60° F,

(pound)(second)2/foot4j 0.00245

ccnstant

Tt was also shown in reference 1 that

,;= K~ (%3yP~o)z (2)

where

:.r.,, ~~f~ight,of cooling air floning over head of cyli~.der,
pounds/second

Kh, Z constants

A complete set of s:ym’oolsfor all equations used in this report
is given in the appendqi~.

Equations similar to equatims (1) and (2) can be written for
the cylinder ?xwrel.

AS &e ~met ~ensi~~ is decreased or the quantity of’heat is
increased, the pressure drop across a resistance will i.ncreasafor
a given ‘:{ei~ht.of air flowing across the resistance. This increase

. ..—... —..—.——. — -.--..— —.. -.. — -——- -— .. ----
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is due t.oincreased acceleration anclfriction losses caused by
gr~t.er cknqcs in velocity of the air throuph the resistance. An
a$twapt has been made in equation (1) to.compensate fcr such chanEes
in’density cr h.catoutput by u.sirwe.naverage density based on the
twweratures and pres&res of the-cooling air in front of and behind .
the--cylinders. Tests for lfi,itedranges of heat output and.density
have shown that, by using an avera~e densit:~iilequation (1), cor-
rect WIWS of pressure drop will be obtained from the equation.
‘lMeqval,titativ~efIect of deer.sasin~t.lleid.et density or of a.ppre-
cia~nlyincreasing tineheat output on 1P across an engine cylinder
is not known and tests are needed tc iestablishthese relations.
Attempts have been made (references ~ and 6) to estimate the prcssurre-
drop requtiements of air–cooled en~ines at hig’haltitudes by simple
theories involving’theaccel~ration and friction 10SSW. The veloc-
itjrbetwesn fins may be lar~e enouEP,at high altitudes to causo com-
pressibility shock to d’evelopfor which no corr~;ctionto sea-lcwel
pressure drops has been made io date.

D=cause of tha l~~it’ationinvolved in {jstimati.nt~t2mp2r2t#u7?eS
of engines at high a.ltitude’from an ~quation of the form of equa-
tion (1) obtained ai sea lcvelj the data of the prcs(~ntreport arc
presented in the form of an eqk~ion that is
tions (1] and (2). Thus,

a combination of !>qua-

(5)

i

Except for a small error due to thf>c?~an~eiofvi~cosity of thu air
with altitud.c,equation (~) is appliczhk at all q,ltitudes.

For a given cylinder, tests can be mcde in the laboratory ~y
methods giver.in reference 1 to obtain the values 0:$ K, ml, B,
~g> and nl. From the cylinder itself’, a. and ‘ial can be
obtained. The wtkods of obtaini]]g a. and al for .mnventional
cylinders are given in reference 1. ‘iPwnar:aluminum n~l.ffis used
on a cylinder barrel, a. is the outside-svrfacearea of the muff
covered by the fins. Tilevalue of t= to be used in equation (1)
and of pi> inlet d.ensiiyat the face o.?the cylinder, to deternine
p in equation (2) for the single-cylinder engine will be baseclon
measured values of static pressure and te~.peratiireat the front of”

.

the cylinder.

The data of the coolir!gtests on the Pratt & W%itmey R-z&oC-z7
en~ine given in reference L were presented in an eqwtion of~’the
fcllowirl~form,: ,/



‘P

ta

c

\~Jc

n

ml

Ap

Pi

P@

‘~

average te~.peratureat rear spark plu~s of cylinders, SF,
(obtainedwith thermocouples embedded in spark-plug bOSS)

temperature of a~r at face 01 engine, %

ccnstant

weight of coni!!usticmair to er.gin:s,pourrk/wcond

cop.st,ant

constant

pre~~~e ,j.ronacross cngir,e,inches of ~xater,(inclu.5esless
OUt Of %i+. Cf baffles)

density cf air at front of engine, (pound)(second)2/fcot~

density of air at L9.9Z inches & mercury and 6G0 F;

(pound)(SeCOV~)2/footb

mean effective Eas tenperati(u.-e,%

. .. —..-..____._ -—.—— —-T...-— . . . . . . . .

rhere

c~ ccnstant

ml 1 constant

lJI
“t ‘::ei~htof coolinp,air passin;gover engine, pcwnds/seccnd

(:)
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The quantity is a function 9f fuel-air rat.iojinlet manifold
temperaturej %and spark timinfl. In the conventional multicylinder
~r~’i.nethe true inlet manifold temperature is indefinite and dif-
ficult to measure beta.u.sean unknown amount of fuel is vaporized in
the carburetor and blower. In reference h, the expedient was adopted
of Ilsinfi,instea+ of true manifold te71~JeratUre,a dry effective mani-
fold tenperatvre “ defined as the sum.of the carburetor-airtemper-%
ature a~~dthe rise m air tsmpera.tarein Passiil~through the primary
supercharger eval~latedon the assvm~ticn that no vaporization of tile
fuel occurs. The following approximation for tm was used

TT 2
J. -t

% = “c + gcpJ
(6)

where

tc carburetor inlet-air temperature, o~

Ut tip speed cf primary blowz, feet,/scco;@

~ acceleration.of gr;vii-y,f’est/’(second)2,52.2

Cr specj.ficheat of air at constant pressure, Rt.u/(pound)(°F),A“
o.2!l

J mec!lanicalequivalent of heat, foct-pounds/Btu, 778

~h~ blo~r~~rtip speed Vt cac.be given in terms of the engine speed,
the i~peller diametsr, and the impeller-gearratio. Tne followinz
formula ‘;,Hsused for tileeffect o~ veriati.onof tm on Tg:

This eql?.ationwas ~l,taind from results given in reference 2. The
effect cf fuel-air ratio on tk,e~as temperature was obtained from
test d~tao ‘i’heetfect of spa~k aclvancewas not required because
all the tests l~~rerLTfLat th s.~!f5settiq~. %en such methods were
used to determine

% J
the dat= of rcferense !lconformed very well

to the values predicted by either eqvat.ion(~.)cr (5).

The data of tinepresent renort are also presented.in the forms
of equations (4) and (~) for dtiect comparison bety~eenwlticyiinder-
encine and sicgle–c~-linder-eu.gfilecoolin~. Ln the sin@e-cylinder-
engine equation ~‘p is Vile rear spark-plug temperature obtained

I
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‘Pi

Po

Ti

To

To

Po

dynamic yressme

pre~z~e at face

of air in free air stream

of engine

static peesure in free air stream

temperature at face of engine, %? absolute

temperaiuxe of air in free air streemj oF absollute

velocity of airplane

denf3ityof air in free six-stream

In the calculation of the pressvre at the engine face, two factors -
the factor of compressibilityand the inlet-duct pressure loss - aye I
omitted for the sake of simplicity. Inasmuch as the factor of com-
pressibility is a positive correction ma the irii.et-duct-pressure !

loss is a negative one, the two corrections approximately cancel each ,
other for the values given in this report,

The estimates of cooling-pressure-droprequirements for atmos-
pheric yressure and temperature can be corrected for pressure and.
temperature at the engine face by means of the equation

1
q

To T-j-(. to>,
APc=Ap —— ‘P- ;

Pi To ‘P
- ti,; (lo)

(

.

where to, Tp, and ti are in OF and Ti and To are in OF abso-
lute. The cooling-pressure-droprequirements based on 100° F and
29.92 inches of aercury are corrected bymeans of equation (10) for
assumed values of airplane speed. The values of Tg to be used in
the equation when esttites of cooli~-pressure drop are made are
o~tained in the same riam.neras in reference 4 and as previously
explained in this paper.

With fast-climbing airplanes, the temperatures of the cylinders
do not reach equilibrium until some time after take-off. The
cooling-presmre drop required is therefore lower than if equilibrium
temperatures are reached. In order to determine this pressure drop,
the cooling equations of the forms of equations (1) and (4) would
have to be revised bymetlnods given in reference 3 and would be very
complex. T]lecooli~g-pressure drops are therefore estimated.in this
reyort for climb conditions from equations established for heat-
equilibrium conditions. The estimated cooling-pressuredrops are
the?efore somewhat greater than if the more complex equations for
conditions of no heat eq~il~orium were used.

.
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Iron-constantanthermocouples and a potentiometer were used for
measuring the cylinder temperatures. The thermocoupleswere made
of wire of 0.016-inch diameter, enameled and silk-covered. The
temperatures were measured at 22 points on the head, 2 points on the
flange, and 20 points on the barrel, as shown in figure 5. The
22 thermocouples on the head and 10 of the thermocouples On the bar-
rel ~?;ere~eened into tinealuminum as shown in figure 4. The other
3-0thermo~ouples on the barrel were placed on the steel through holes
drilled through the aluminum muff. Hard-robber plugs were placed
in the holes as shown in figure 4 and the metal at tne top of the
hole was peened arcmnd tineplug to hold it in place. lVhenevera
thermocouple was placed.on the steel, another was placed on the alu-
minum muff as close as possible to the first thermocouple, The
thermocouples on the muff are shown by tinedesignation (A2)in fig-
ure ~.

The temperatures of the cooling air passing over the cyl.~nder
barrel and tinecylinder head were measured separately. The cooling-
air temperat-ureswere measured at the inlet of the jacket near the
cylinder by two multiple thermocouples consisting of two tJlermo-
couples connected in series and at the ou.t.letof the jacket by two
multiple thermocouples consistin~ of four thermocouples connected
in series. Cold junctions of all thermocouples were located in an
insulated box. The cold-junction temperatures, the air temperatures
at the thin-plate orifices, and tineair temperatures irithe surge
tank above the carburetor were measured with liquid-in-glass ther-
mometers.

The pressure drop across the cylinder was measured by a static
ring located around the air duct ahead of the engine cylinder, where
the velocity pressure was negligible. Tne pressure drop across the
cylinder with the baffle.plates placed in Vne jacket entrance
(fig. 2) was obtained with total-head tmbes placed between the fins
of the barrel and the head near the front of the cylinder, The
locations of the static ring and the total-head tubes are shown in
figure 2. The static ring and the total-head tubes were connected

. to water manometers. An alcohol-filled micromanometer was used ts
measure the pressure in the orifice tank, and a mercury manometer
nas used to measure the engine-inlet pressure in the surge tank above
the carburetor.

The quantity of engine combustion air was measured with a thin-
plate orL”ice in conjunction with a multiple manometer that indicated
both the total pressure upstream of the orifice in inches of mercury
and tinepressure drop across the orifice in inches of water. Fuel-
air ratios were calculated from tinemeasurements of air and fuel
consumption.

.

.
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:Tr?ms P.’TnTTH’S

~ngf.j~~::oolin~

Tests were conducted to determine the
characteristics af the cylinder to be used

~o@li~g ~rld the i)~?rer

in predicting perform
ante as limited by cooling. Calibration tests were ma~e-to dwLer-
mine the weight of air floning ov?r the hezd and barrel of the cyl-
inder per unit time as z .i’mctior.of the pressure dmp amxs the
cylinder, Ths const.a:ntsin cqu&t5.cnsfor the barrel and head Of
the form of equation (2) are obtaineclfrom thase tests. The cali-
bration curves are shonm iri figure q. 7’hes~curves are applicable
fcr the jac.k~tboth with an-lvrithcu.ttl~~?baffle plates, The cc,n-
d.u(~.tan~eof the baffles calculat,:din +,heconver.ticnalmarxwr is
O.O?O~, based on the frontal area of the 28C0 engine.

Ts,st~cf the cylinder I;:ereco~duc.tt~dto dstermine the ccnstants
in equation (1) and in a similar equation for the cylinqer barrel by
m~thods fully described irlreference 1. These tests w~re ma.dcboth
vriththe jacket of v:id.eentrance and vith tinejacket having baffle
plat~~sin the entrance. From thsse tests, tinecooling characteris-
tics of the cylinder with tnrbu]-enceat the jacket entrance ca~ibe
ccnparficlviti-ltinecooling characteristicswithout turbulence at the
je.ckctentrance. Tikwise from those tests, the cooling characteri-
stics C)fth~ eylind,er~~iitiecumparwd witln those of other cylinders.

. .——.. -_,_. —...—._ ~— ....—. ,-..———.——- --— —
.“ .,

Engine I’erformance

‘i’e.stsvme conducted at wide-open tkiottle with a maximum-power
Mixtur:.over a range of spe;ds from.approximately 1600 to 26C0 rpm,
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In addition, tests were made at wide~open throttle and at 21OO rpm
to determine the variation of power and specific fuel Consumption
for a range of fuel-air ratios. TIromthese speed and fuel-air-
ratio tests, the values of fuel-air ratio for maxtium-power, m-wimun- ‘
economy, and full-rich mixtuxes viere obtained.

A series of tests was nade zt.wide-open %hrOttlej at m~ciJn~-
power mixture, ar,dat 2100 rpm for a range of manifold pressures from
approximately 29 to 49 inches of mercury absolute. The object of
these tests was to determine the cooling of the cylinder near its
rated power output.

A.spark setting of 20° 3.T.C. and gasoline conforming to Army
Specification No. 2-92, grade 10Q (100-octane number, Army methOd)
were used for all the tests. The engine horsepowers given in this
paper are all observed values. The friction horsepowers were deter-
mined by motoring the engine at the inlet pressures and speeds used
in the power runs. The methods of computing the results are fully
describ~d in references 1, 2, ancl7. - -

RESULTSAN13DISCUSSION

Engine Cooling

Coclinz ecmations for cvl.inder‘ofPratt &Whitnev R-2800-21
engine. - ~om-the test data; constants were obtained-to insert in
‘ens for the cylinder head.and the barrel with and without
baffle plates in the jacket entrance. For the case of the jacket
vfitlncutbaffle plates, the equations are

(Head) -.

(Rarrel) ‘b ‘ta =
‘~

- ~b

The equations with baffle plates in

(Head)
‘h - ‘a

‘g
_Th=

Tb - ta
(Barrel) T, _T =

&b

0.610.0499 al I

1.118 a. #*69

0.0152 al I9.81

2.87 a. @ob~l

(11)
.

(12)

tinejacket entrance are

o.0499 al IC*61

1.86 aoVi0069

0.0152al I0.81

-P*647..M a. V

(13)

(14)
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The areas of the cylinde~ ar~~as follows:
Head %rrel

Effective internal-wallarea al) ‘square inchss 78.4 85.5
Effective Gxternal-:vallarea ao, sqvare insl]es 1L5.O 72.z

Tineoutside-wail h~;at-trans~er ”cc>fficient [T may be obtained
frwn the equation in rei’erence1:

u= n-r1
}.1s0

u=
H

/T>
% !n -,ta) (16)

where H is the heat transferred from c:rlinderwall to coclin~ air,
Rtu/hour. The methcd of calculatin~ 9 is given in re?erenc~s 1
and 2, If 1? is obtain~d frcw equation (16) and.pl.ot.tedagainst
,-
ifj the values of I and ml ,caribe obtained,

The values of ~ and ml “irie’q~~ticns(1>) and (14) ‘;wrede.ier-
mined in this manner and ths ialu.esof ~ and ml in equations (11)
and (12) vere check~~dby this method. The curves cf TJ plctkd
a~ainst I,Jare shown in figwe 6. Rrom these curves the va.lws of
1? and ml fcr the case of no baffle plates are

Head Barrel

.. ~::hichare close to the values in e~lwticns (11) and (12). The baf-
fle plates increas’:dthe valu~s of U abo~l.t20 percent a.scompared
with the coolins without baffles,

Equations (11)5 (12), (15), and (1~) can he converted to the
form OF equation (1) b~-stisbi.t~~tin~~n these equations the relation
between TV and ‘.dPP\p60given in fi~u.re.50

Variation.of T& with fuel-air ratio. - The results of the
tests to determins the variaticilof the ~ffective gas temperature
with fuel-ati ratio are shown in fipure 7. It has become general

- - —.. — .—________ .--— —.- .-__. .- ___ _._._. ----
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practice to reduce Tg
(reference4) by making
charger was used in tile

to a dry intake manifold temperature of 80° F

use of equations (6) and (7). No super-
present tests between the carburetor and the

enginej and the te?.uperat;weof the carburetor air was 88° F (fig. 7),
which is equivalent to the dry manifold temperature. Therefore,
Tg at 80° 1?will be equal to the results of figure 7 minus 0,8
(83- 80). This correction should result in the head curve of fig-
ure 7 Tassing throu.gl.l.1150° F and the barrel curve thzzough600° F
at a fuel-aiy ratio of 0.08. The temperatures of 11500 and 6000F
were used to establish the cooling equations of the engine from

tests at fuel-air ratios of approximately 0.08. Applying the tem-
ye~at-arecorrections to figure 7 will not result in the curves
yassing through tinetemperature expected. The results of figure 7
were obtained from only one series of tests and, although the curves
did not pass through the values expected when corrected to 80° F dry
l&mifold temperature, the results were close enough for practical
purposes and no further tests were made. The values of Tg of
figure 7 were used in determining comelation curves to be presented
without correction to 800-F dry manifold temperature. The tests
~de to determine the correlation cuzzvewere at dry manifold tem-
peratures in the range of tiletests made to establish figure 7.

When only one series of tests is made to establish the varia-
tion of Tg with fv-el-airratio and the values of Tg are a little
different than expected at 0.08 fuel-air ratio and 80° F dry mani-
fold temperatrcre,the curve should be presented in the following
manner for greater accuracy of results: plot the ratio of values
of ‘Tg obtained from the tests at am- fuel-air ratio to the. Tg
obtair.edat 0.08 fuel-air ratio aGair,stfuel-air ratio. Then use
the curve to find Tg at 80° F by multiplying these ratios by
the Tg used to establish the cooling equations (in the present
case 11500 F for the head and 600° F for the barrel).

General correlation curve. - The cooling of a cylinder or
Th - ta

engine can be determined by means of the indices
Tg - Th

and
Tb - Ta

Tg
- Tb (reference 2). The lower the value of the indices for

given engine and cooling conditions the better the cooling of the
cylinder. From equation (3) it canbe seen that, if such indices

are plOtted against @ in which I is the power output and
IF

v is the displacement of the cyl~~der or engine, on paper having
logarithmic ordinate and abscissa scales, straight lines with a
slope of unity should be obtained. All data should fall on the
seineline regardless of engine and cooling conditions if the correct

is used in the cooling indices.‘~ Such lines are proof of the
validity of the cooling equation.

.
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Tests were made for a large range of en~ine and coolizngcoril.i-
tions, as sho~m in the table of figure 8, and calclflationsOf the
fore~oing parameters were made. The results are plotted in fig-
ure 8. Fi*()~equation (3) it can he shown that the value of the. .

(1/v)@ 5 al vn’
cooling index when --Z—— = 1 should be - ~ , From theI K a..“,
prese~t cylinder v = 155,9 cubic inches. When the values of ~
and K for equatioris(11) and (12), al, ao$ nl, and v’ are sub-
stituted in Wliisformula, the value of tilehead index is 0.396 and
the barrel index 0,377. A 45° line drawn throu@ the Toints for
the head and another thro’.@ ‘thepoints for the barrel intersect
the cooling indices at 0,395 and 0.389, respective:. The line
t&oL@ the head points does not q~ite fit some of the yointsj hut
t]~edifference t~ head te~~el”at~e bek~raent~.eyoints and tileline

/1,/@*
iE not very great. The intercept at . 1 for the larrel

7P’
is a little higher tkan the calculated intercept but the difference
Ts very small. In general, the points for the karrel fall verY
nea;~the line except for a few at the upper end of the curve. From
these data the appl~.cationof the cooling equation for a wide range
of engine and cooling conditions is verified.

Temperature distrilntion over cj’linder.- In reference 2 eq.ia-—-
tions were developed in vhici~temperatures at in-dividuelpoints on
the cylinder were set L1.pas fm.ctions of the engine and cooling con-
ditions. To determine tempei-atuzesat individual points by such
equations is rather tedious and, if some simple relations between the
average cylinder temperatures and pertinent individual temperatures
could bo obtained, only the equations for the average tenpexatures
and these simple relations would be needed to deteimine the individual
temperatures.

“arious individual cylinder temperatures have been plotted in
figure 9 against either the avei-agehead or the average barrel temper-
atuzzu,depending upon the location of the thermocouple whose tempera-
ture is being plotted. The various kinds of symbols used to plot
the test results indicate a wide range of cooling and engine condi-
tions, as sho~m in the table in figure 9. No trend of individual
tcmpcraturc with variation of coolin~ or engine conditions for a
given average head or bari”eltempcrat-we could be noted) and faired
curves have been drawn through all the test points for each location.
Ti~esecurves show tb.t the temperatwces at individual points on the
cylinder bari~clremained a?proximatel; constant for a given average
barzcl temperature; the s~e condition was true of individual icm-
peratures on the cylinder head for a given average head temperature,
ro~zrdless of enGine and cooling conditions. An analysis of the

—. —— ~——.. ...—--- . .—. -—
.
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c,~clirgequations far ti~ehead and the barrel of the cylinder and the
c-tirveof average head temperature a~ainst rear Spark-plug temperature
-,7i11showthet; for a-given rear spa.rk-pingtemperature, although
Tll is ccnstant for any engine and cocling condition, T~ -+cillnot
remain constant as .en~ine’and cooling conditions are varied. The
only case in which ~; will remain ~onstan.t,when the rear spark-plug
temperature is constant but the cooling and engiiieconditions are
vz.rvim, occurs when the”values of ml and nl are the same in both
tinehead and the barrel eqwtions. .~romcurves such as are shovm

in figure 9, the liniting value of Th to be used in equation (11)
for determining the cooling pcrfornance can be obtained if the lim-
itin~ value of the rear sixxk-plug tezqperatm.reis known.

Yost of the data in-figure 9 are fcr the t~sts without baffle
plates. One cur~;eis shown, however, for tinetests with baffle
plates, namely, Tb plotted apainst rear spark-plug temperature..-
For the same value of !lh the rear spark-plus temperature is much
hotter with baffle plates than ‘witbut baffle plates. Trom the
results of figuzzes6 and 9 for the same weight of cooling air and
horsepower, the decr~ase of rear spar!{-plugtemperature is small.when
baffle plates are used as com~arsd with the tfimperaturewhen baffle
plates are not used. The baffle pl~tes, hO~~ever,appreciably
decreased line Th for Civen cooling and engine conditions. (See
fig: 6.)

Plotted in figwe ? ara the avera~e barrel te.mperatu.resbased
on t!leie,~,~srat.uresof the alwminm. ,muffapai.iistthe averags barrel
temperatures Tb based.on the steel tcmDd;atvXes. A curve v,titha
slope of unity fits linedata closely, .;L2~chS,hOWSthat th.ctmwpera-
ture drop from tinerteel to tllcaluminum muff is negli~ible or that
the t%rwal bond b~twesn the muff aid the steel is vwji good for the
cylinder tested.

Comparison of multicylinckr and singl{;-cylinderengine cooling. -
The r(.~l~ltsof tfi.et.lcstson the prat,t& :Ijhitnwy ~-2&w27 en~inc or
refsr~nce ~ and tineprcs~i~ttests plotted in the forms of equ.a-;
tions (4) and (~) are shovm in figure 10. For the ml~lticylindcr
ttists n/ml was equal to 1.76 and ml T=S G.~2;

(
mlf n 1;12s1.14

and n VHS 0.565. Plott2ng tllLsin@-cylinder resu.ts iillike
manner gives the same exponents, as shtm.min figure 10. Points
are sho-.mon the curves for the single-cylinder engine plctted in
the form of equation (h) hut no points are shcvm for tinecurves of
this en~ine plotted in the form of equation (5). ‘Ilnecurves in the
form of equation (~) were obtained.from the equations of t,hecurves
in the form of equat~.on(b) and from plots of W against ~l?Pi/P~O*
The value of T’P in the cooling index for the multicylinder-engine
curves is the average of tinerear spark-plug temperatures of all cyl-
inders, and.the value of ‘P for the single-cylinder-enginecurves
is the temperature of the rear spark plug.

. ---

.
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‘i’heresults show that the cooling of the engines is in letter
agreement on a pi-es~ure-th~opbasis than on a weight-of-air haEis.
The results of the tests with baffle plates on the single.-cylinder-
engine setup were in better aGreement with the multicylinder results
t;~ the results of the tests without baffle ylates. For a value of

lrc~”7s
--— of 0,3,
APPi/P60 ‘8 of 1150° F, and ta of 100° F, the difference

between Tp for the multicylin.derengine and TT for the single-

c;:linderengine with baffle plates is 18° F. This difference is not
ver,ygreat but, owing to the’foum of the cooling equ.ationja small
cknge in

% makes a large change in Ag. It is therefore essen-

tial to know the difference betwaen mul-ticyiinderand single-cylin-
der coolin~ in order -thatpredictions of Ap for mul.ticylinder
engines from single-cylinderresults will be in the range of cooling-
yressure ‘droprequired by multicylinder engines.

AS bro~gilt out M ApFaratus, standard baffles, such as were used
in reference 4, were not -usedin the single-cylindertests. A spe-
cial jacket was used. This special jacket gave sli~htly letter
coollng than for the milticylinder condition as indicated by the
curves in figure 10, Later single-cylindertests with standard 3af-
fles gave better cooling than eitke~ the multicylinder tests or the
single-cylindertests with the s~ecial jacket. From this result it
follows that single-cylinder cooling with standard baffles will be
better than rnulticylinder-enginecooling. Once a relation has been
established for one set of conditions between multicylinder-engine
cooling and single-cyiinder-enginecoolin~j howeve~, further con-
ditions can be tested on the single-cylinder engine and engine
cooling can be predicted from the results.

In multicylinder-engine cooling, sufficient air must be passed
across the engine to cool the hottest cylinder even at the expense
of overcooking the other cJ’linders, In order to determine the pres-
sure drop required for cooling tk.eengine, not oriLythe relations
shown in figure 10 but also the relation bet-weenthe hottest rear
spark-plug temperature and the average rear spark-plug temperature
ml.~si;be kno~~r This relation for some conditions for the Fratt &
Whitney R-2800-27 engine is sho~m in the curve of figure 9(b), which
was obtained from reference 4, When the power of the engine was
increased, this curve changed somewhat, hut it is an approximation
of what the nettest plug temperature will be for 211 conditions.
In general, the hottest plug temperature was about 50° F higlher
than the average of tinerear spark-plug temperatures.

The mean effective gas temperat-ure
‘~ was obtained in refer-

ence 4 for a dry manifold temperature of 80° F for various fuel-air
ratios. The method of obtaining %

referred to a tm of 800 F

-.——...— __. .— .. ---——-— , ..— -—— ..—...,—. .. ..—. .— .:,,
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has been &iven in the Analysis. The values are plotted in figure 11,
The values of T

f
at 80° F for the siryjl.e-cylinderengine are also

given in figure 1. The values for tke single-cylinder engine were
obtained using an equation of the form of equation (4) and the same
factor to correct to 80° T as was used in the case of the multicyl-
inder tests, The agreement of the results is excellent above a
fuel-air ratio of O.O7 hut below 0.07 tilesingle-cylinder curve
aecreases more rapidly tlnanthe znd.ticylinder-enginecurve. It
would be expected that the curves would agree above 0,07. If Tg
‘~~s known fo~ each cylinder of tinemulticyliniierengine but only
the fuel-air ratio of the entire “enginewas kno%m, a series of curves
of the shape of the si~wle-cylinder curve of fig~-e 11 would be
obtained ad would be d~splaced along the fuel-sir ratio axis. It
can be shown that an average of these displaced curves would he a
curve diffe~ent below a f’u.el-afiyat:o of 0.07 than the single-
cylinder curve. The single-cylfider cu-ve represents the ti-ue
c~we for each cylinder of the multicylinder engine if all factors
of the cooling equations for these cylinders were known.

.-
Z!ngiiiePerformance

Effect of engine speed...,. - The results of the tests with wide-
open thwottle for varying engtie speed are given in figure 12. All
values of mea effective press-ureand horsepower are observed
~eadings. The manifold pressui-ewas less than atmospheric;,oving
to the di-optlzrou@ the air-measuring systerii.For a given manifold
pressure and temperature, the brake and the indicated mean effective
pressures increased and ~hen decreased with an increase of speecl.—.
within the ranga tested. Tiletests were made with a maxizm.nn~powel-
mixture, and the results shov that the indicated fuel consumption
and the fuel-air ratio remained almost constant over the range of
speed tested.

. .
.

.! Effect of fuel-air ratio. - ‘I%evariations of power, mean effec-
tive ~ressure, and”specific fuel consumption.with f-uel-airratio at

.

“Ttide-opentbottle and-at”zinengine speed of 2100 rpm are sho~m in
figure 13. T~e power-remains fairly constant for fuel-air ratios
from 0.075 to 0;09 but decreases below a fuel-air ratio of 0,07, A
fuel-airratio of 0.07 will be taken as correspondlag to the msximum-
econony mixt~e- even thtnlghthe minimum specific fu.clconsumption is
obtained,riih a fuel-air ratio of 0.065. The ratio ~ea ~~fil~~
.O.g7instead of 0.065 because there is little difference in the spe-’
..cificfuel c’onitiption~fitheitinerratio and the power is greater
with the higher ratio, A “fuel-air.ra.tioof 0.08 wilJ be used to
denote the maxtiti-jower mixtwre. u .

. . ,,1
-. . . . . . .. . ,..i. - .. .- .’ .

.
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T?ffectof manifold ~ressure. - The variation of rwformeLncs—. .
fi~ifold pressure is sho’:min figure lb , The indicated horse-

p~~~ei’ varies linearly with manifold.pressure and, for the greater
part @f the ran~e.of manifold pressurej the indicated specific fuel
co:lsvxl~tionrmains approximately constant. Tlnese.data provided
v~lues n(~arthe rated power output,of the R-2800-21 engine that
could.bc used to extend the curves of figure 8.

Estimated Cooling-l?rcssure-IlrnpRequirements

Determination of equivalent rear spark-plug temperature used
in ccolinq e~a.tion fcr sinSle-cylin~n~i~~efore the cooling-
pressure+rop determinatims for various cooling and engine conditions
are Eiven, the relation between the hottest rear spark-plug temper-
ature of the mu.lticylinderengine and t’nerear spark-plug temperature
of the sinple-cylinder en~ine must be determined, Tne object of
determining this relation is to find what rear spark-plug temperature
must be ass~lmedin the coolin~ equation for the single-cylinder
en.pi-.nein order that the coolinG-pressure crop determined will be
that needsd to cool the multicylinder enEine to some stated hottest.-..
pluc temperature.

Fram tisv.re10, the coeling equaticn of the single-cylinder
engine ‘fl;i.thkwffle plates is

and for the mnlticy”l-inckr eliginej is

(17)

(18)

The relation.between the maximum rear sp;rk-plug temperature
temperature fer tie ~u.lticylinder
be represented by the equation

T~P -48
1.02 (19)

-. ..—. . . .. ...— .-— . ..— — .-—.-— .— -—- . ....—_ ._, - . . .—— —.—-.- -- -. -.. -— .
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sher e ‘hp is the maximum rear spark-plug temperature,
OF”, For the

same values of WC and lppi\po in equations (lT)and (18), the
relation between %p znd ‘P for the single-cylinder engine becomes

o.hg~Tg(Thp-h8-l.02ta)+ 0,~~2ta@2 Tg-Thp + 48)
‘P=’

-——
‘h8-l.Cztaj+ 0.~!&2(1.02Tg-Thp‘~

(20)
‘“kS: \Thp .

Calculations of -T’
Y

for various values of Thp for several fuel-

air ratios and coo mg-air temperatures were made and the results
are shcmn in figure 1S. The calcul=.tionsweremade ?n tineassump-
tion that the dry manifold temperature was equal to the cooling-air
temperature, and T

5
was obtained frow.figure 11 for each fuel-air

ratio. Equation ( 0) applies only for a range of fuel-air ratio:

from 0.07 to 0.11 v~herethe sin~le-cylinder-and multicylinder-
engine T~ values afyee. Relow a fuel-air ratio of 0.07, a rela-

tion corr~sponding to equation (20) would have to be derived
involving T~ for both the single-cylinder and the multicylinder
engines.

Figure 15 shows that, for the range of fuel-air ratios and
cooling-air tempcr~ture..”chcsen, there is little difference in
f~r a given Thp .

‘P
‘Theair temperatures chosen are the Navyj Amyj

and Civil.Aeronautics Authority standard sea-level temperatures.
The main change in tilevalues of Tp of figure lS will occur with
a change of inlet manifolcltemperature, as when a supercharger is
used. There is approximately 7~c 1’d~Lfferencebetween the maximum
rear spark-plug temperature of the multicylixler engine and the rear
spark-plug temperature of the single-cylinderengine in figure 15
for tylesame ccoling ax?.en~ine conditions.-

Cccling-pressure-droprequirements. - Cooling-pressure-drop
requlfi~nts have been calculated fro~equation (17) for the fol-
loi~ingcor,clitionscf the ~att & Vhitney R-2dC0-2T engine:
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Cond.i-
ti.cn

“t13170s-
pheric
pres-
sure,

(%+f
abs.

——

29.9z
29s92
29.92
29,92
~~,?z
29.92

dower - iliaximum
r~ rear
te.mpera-spark-
ture, p].ug

~temper-

(3) Iature,
i Thp
~ (OF)

F,’A
I

Power

I

0.10’Take-off
.0s,---do---
●Ill---do---
.10 ---do---
.10 ---do---
.C?8 Normal

rated

,,
Altitude

Sea level
lyl●

m e

m .
Do.
Do.

‘-l,.R.refers to tewperat.ure at blower rim using low-blower gear ratio.

The en~ine would.probab].y fai-1fer c~ndition 2 with pre,sent-dayfuels
becauss of knock, bwt this condition was a.ssvrnedto illustrate the
effect of fl.lel-airratio on ceolinq-pressvre drop.

The tale-off power of the Pratt & W.litneyR-2800-2T engine is
2000 brake horsepower at 27’00rpm and the normal rated power is
MOO brake horsepcmer at 2LO0 rpm. ‘Thefriction horsepower of this
engj.ne,taken from unpu:hlishecldata.,in low blo!~erat 2TOG rpm is
398 and at 2400 rpm is 29!1. Then

Take-off power = 2398 indicated horsepower
l~~ormalrated power = 18’2hindicated horsepower

Tineblower-rim temperatures were calculated from equation (6)
on the assumption that ic equals ta. The blower-rinltemperatures
are thus reprcsertfedby the dry manifold temperatures. The tip
.syec;dsof the impeller were determined from the engine speed, from
the im@ler diameter, which is 11 inches for this engine, and fr~m
the impeller-gear ratio, which is 7.60;1 in low blower.

The values of Tp w~re fol~nd.from the fuel-air ratios given in
the table and the V~lti~Sof +m w-;recalculated from figure 7 and
f,q~:t.ion(7)* The values ot t!lerear spark-plug temperature to use
jr,the sirgle-cylinder cooling equation (17) in order to pet equiv-
alent muliicyliwier cooling–pressure drops were calculated by means
of eqnatiori(20)with the values of %P and ta given in the table
of conditions and the calc~]latedvalues Df

‘~“
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The wei~hts of c~har~eair 7~c needed to develop take-off.,and
normal rated powers wer~ obtained from,the curve c,ffi~vre I-6,wb.ich
was dstermineilfrom data of tlnisreport. This curve checks closely
with a similar curve obtained from unpublished test data cm the

r!ultic~rlinder-engineair consumption. For the first calculations ‘
cf Lp, the cooling-air temperature in both equations (17) and (20)
R~S assumed to be atmospheric temperature and pi was calculated
from the atmospheric pressure and temperature. “ The results of the
cal.culatj-onsare ~iven in tinefollowi+g table:

Condi-
‘P

“ ta & Tg

I “--

~?c Pi llp
tion .(oF) (oF) (oF) (OF) (lb/s.sc)[(lb)(sec)2/ft~~ (in. water)

1 .@8 10ti ;:;
3!1 ;:% [ 0::%

13.54
1117 100 _ 29,23

; )1?0 100 262 Wok 3.8$ I .0708 7.91
~ lu56 100 262 lmq ~.w .0708 b.~~
5 420 10Q 100 97!JI 3.85 .0708 6,7o
6 370 100 228 1268! 3.o.S > .0708 34,26

The pressure drop requirca for cooling for conditicn 2 was
checked b-yusing the multicylindsr-engine coo1.ingequation (18) and
the relation betwsen

‘P
and Thp for the multicylinder engine

given by’equation (19). The value of TP %s found from the fuel-
air ratio given and the pr~viousl-ycalculated values of ~, by use
of the ]nu-ltic:~linder-en~inecurvz orIfigure 11 and equation (7).
The calculated 2P ~;.=s29.42 inches of water: which is a good check
of the 29.Z5 inches of wetcr from the single-cylinder-enginecooling
equation. The fcrcgoing results show that nulticylinder cooli:g-
pressure drops can be.predicted with little error from singl&-
cylirider-enginecccling equations i.fthe relation between

‘P ‘f
the si.nple-cylinderengine and ~hp of the rmlticylinder engine is
krimn o; can be estimated with fair accuracy.

Effect of adiabatic cmnprcssion of tineair at the engine face
on cooling–pr.sss~redrops. - Calcula.tiocsc.fcooling-pressuredrops
for conditions 1 t,g6 giyen in the preceding table have been made by
using ti:i~pressure and temperatl~-eat the engins face, an assumed
airspeed of 200 mfies p~r hour for conf~itions1 to ~, and an assumed
atispeed of 350 miles ner hour for condition 6. The pressure and
t?letemperature at the enfiincface were calcu.latcdfrom equations(8)
and (9) and the pressure drop, from an eq~lationof the form of
equaiion (10). The ~~onent ml of equation (18) and the relation
between Tp ar.d Thp ~iven in equation (19) wme used in equa-
tion (10). The values of Lp used in equation (10) were the values.,
given in the preceding table. Thl>valu~s of Lpc and dp are
given i~ the followin~ table fcr comparison of the adiabatic compres-
sion effect:

.

.
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The rasu.ltsshow that, for 200 milas per hour, using tileatmos-
pheric ~r~tissurcand t{;ri[~~r~t.~lrr.;illthe coolin~ oqu.ationinstead of
the pr:,ssurcand t,.mocraiurja.ttht.,{.n~zirieface resulted in only a
sma].1diff~rmcs in the estimated c.coli.ng-pr.;ssurcdrop. For ccn-
dil’.ion6 at ~SO mile~ p+r !1OUY,hcw.vcr, the difference in.the
cooling-~ressu.rcdregs was appreciable: 3)+.26inches of water by
u~ir~~ po and to and ~9.li2ir,chusOf wat~r by using Pi and ti.
Calcul~tions for hOjOCiO.f~ctsho~;;th% the adiabatic compression
efi’ecton Ap is r.mchsr.all>rthan the effect at s~a l.cw~l.

ccm~;a “--ken Cf P.pc far condltior.s1, 2, and ~ shovst:~nlar~c
ef?e.vton cooling-:pressuredrop of 11]-eanj.fi~outllthe mixture. Fcr
a ~u,>l-a.i.rr~+,i~of [’.11: a preswire drop of 8.18 inches of water
I::asreql.]~.redto COC1 tal~e-o.ff ]:onwr at sea ~eVel; for a fuel-air
ratio clf0.10 and the other condit,ims ih.esame, 15.79 inches of
t‘wa.er;.an~?for a fvel-air rat~.o~f 0.08, ~0.25 i:nchesof ‘;;ater.

The effect of’increasing tineallowable maximum rear spark-plug t.em-
perat’preis shcwn tw comp:r~-n~ [~pc for conditions 1 ar.d.~.
Tmyo-~in~ engines to such a po<nt,thqt the~rcoulclbe safely operated
at re.;rspark-plus temperature of ~fOO F ‘:{ould,for the conditions
assuwd, decre>ss the cooling-pressure drop required from 15.79 inches
of w~.terto T.02 inches cf ‘interor ~~ouldapproxim~tely halve the
Origirialpessure drop. ‘Theeffect of clecreasin~the intake mani-
fold tcm~er:;tl.re@ usin~ imtercoolers, and.therefore decreasint~ Tg>
is illus:rat~.dby colzdit,jolls1 arid~. ‘Tinecooling-presslu’ed.mp
rsTJird is ap.in ao~rox~mateiy halved - fror,1:.79 to 6.97 inches
of K,t.er.

T!~eI:,rCepr~ssure drops required fcr cooling at even normal
rated power at sea Isvel with econoxica.1fl]el-airratios are illus-
trated ?y We ~~9.).L2inches of ‘.,aterreq~~.ireclfor conditicn 6. The
pressure drops calcul~ted are only t!~oserequirwl across tineengine
and do ml include ccwlin.~-cluctlosses. It can be shown that, for
some ccndition.sof flifltit,the presmre drop across s.duct in a
~,oviq~~~r~arl~%flbe ~.smu,ch~s ~~z~ceas ~reat,as the pressure drop
acrcjssthe heater in the d’..~ct.The usual ~rocedure at present for.
coclirJTepyines under c~+rta~nCOI,ClitiOIISin which ccolin.g-pressure
drops recptliredare not %va’lhhk 5.sto enxich the m.llxture. The

..—. . ..... . ——e. -— - —. --.—. --——.—.— _._r_,_-r __.,. ..__ -—....—- .——.
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@ffect of this enriclume~ton flp~ is shown in the calculations for
conditions 1, 2, and ~. It is thought that, at high altitudes
(approximately.h0,000ft), even the additional cooling providedby
enrichinfithe mixture will be insufficient to cool engines whcse
power outputs are greater than, but whose fins are the same asj those
of present-day engines. The greater power outputs will be possible
because of limproved.superchargers. Some research on the causes of
the pocr temperature distribution from cylinder to cylinder of
present-day engines is needed. Rrom figure 9(b) ~t was shown that
the average temperature of the rear snark plugs of the Fratt &
7?hitneyR-28C0-2’lengine was about ~Ob F lower than the maximum rear
spark-plug temperature. In order to lfilitthe hottest cylinder to
hsOO I’on the rear spark plug, enough air mustbe furnished in order
that the engine as a v~holeis operating at only about 400° F on the
rear plugs. The improvement of the cooling of the one or twc hot
cylinders could possibly result in decreases of cooling-pressure
drop required of the order of decrease of ~Pc for conditions 1’and
4.

For the range of conditions and for the engines tested in this
investigation the follovnlngconclusions can be drawn:

1. An equation to determine the cooling characteristics of air-
cooled engines was proved valid for a cylinder from a Pratt &
Whitney R-28G0-21 engine mounted on a single-cylinder engine for a
large range of engine and cooling conditions. .

2’ The pressure drop required for cooling a Pratt&
W%itnejrR-28cw27 engine was determined with little error by means
of the cooling equation of the single-cylinder engine with a cylinder
from a Pratt & WhitnsyR-2800-21 engine mounted on it. These pre-
dictions were ,madeonly after establishing the relationship between
the hottest rear spark-plug temperature of the.multicyl~nderengine
and the rear spark-plug temperatllreof the single-cylinder engine.

Aircraft Engine Research Laboratoryj
National Advisory Committee for Aeronautics,

Cleveland, Ohio,

.
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ao

“31

75

fJ

C-2

CF

F/k

g

q

I

J

K

K

I{h

m

m’

ml.

ml 1

n

~1

Pi

D‘o

..- ..- . ..--. .

,- IPFZNDLY *,.

WIN CI.S

outside-wall area of head (or barrel) of cylinder, sq in.,
(does not include rocker-tioxsurface)

internal-surfacearea of head (w barrel) of cylinder, sq in.

corstmt (see equation (1).)

constant (See equation (L).)

constant (See equation (~).)

s~ecific heat of air at constant pressure, %u/(lb)(°F), 0.2h

fuel-air ratio

acceleration of gravity, ft/(sec)2, ;2.2

heat transferred from cylinder h<ad (cr barrel) to cooling air,
Btu/hr

ind.icatcd.E.orsepcnw;rpcr cylinder

mechanical equivalent cf heat, ft-lb/Etu, 778

constant (See equation (1).)

constant (See equation (~).)

constant (See equation (2).)

constant (ezpnent in equation (1))

constant (exponent in equation (~))

constant (exponer~tin equation (!1))

constant (exponent ir~equation (5’))

constant (exponent in.equations (b) and (S))

constant (exponent in equations (1) and.(~))

pressure of coolir,gair at en:im or cyl.im?.erface, in. ?dgabs.

static pressure of ati in free air stream, in. ‘Hgabs.
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%

ta

T~

, tc

Tg

%p

Ti

tj- =

b

To

to =

Tp

u

dynamic pressure of air in free air stream, in. Hg

temperature of cooling air at i’aceof cylinder or engine, ‘F

average temperature over outside cylinder-barrel surface when
equilibrium is attained, ‘1?

carburetor inlet-air temperature, OF

mean effective gas temperature, ‘F

average temperatuzzeover outside cylinder-head surface when
equilibrium.is attained, ‘F

maximum rear spark-plug temperature, OF

temperature of cooling air corrected for adiabatic compression
of air from free stream to engine face, ‘F abs.

Ti - L60, ‘F

dry effective inlet manifold terlperature,‘F

temperature of air in free stream.,‘I’abs.

To - 460, ‘F

average of temperatures of rear spark plugs on multicyl.inder
engine or rsar spark-plug temperature of single-cylinder
enginc, oF

over-all heat-transfer coefficient from outside cylinder wall
of engine to cooling air, based.on difference between average
cylinder temperature a~-dinlet-cooling-airtemperature,
2.t.u/(hr)(sqin.)(”l’)

tip speed of primry blower, fps

displacement volume of cylinder, cu in., 155.9

speed of a~rplane, mph

weight of cooling air passing over head (or barrel) of cyl-
inder, lb/see

weight flow of cherge air to engine, lb/see,
cylinder enqinc of the present tests WC =
to the cylinder x ].8to he comparable with
P. &lT. R-280G-27 engine)

(for the single-
weight of charge
the fl-owto the

.

I



27

~j’b we:glitof
lb/secj
cooling

cooling air flowing across milti.cylinderengine,
(for the single-cylhier engine Wt = weight of -
air flowing across head and l)ari”elof cylinder X 18

to be conpai-ablewith P, & 1[.R-2800-27 engine cooling-air
flOT.T)

z constant (exponent in equation (2))

P average density of coolin~ air, (13)(see)2/ft4 (based on tem-
peratures and pressuxee of cooling air be~ore and behind
cylinder)

Pi density of cooling air at face of cylinder or engi~e,

(lb)(sec)2/ft4

Po density of air in free air stream, (lb)(sec)2/ft4

pGo density of air at 29.92 in. HG -and60° F, (lh)(sec)2/ft4

.Ap cooling-pressuredroy across cylinder or engine, in. water,
(includes loss cao.oed%7 expansion of air from exit of
baffle)

APC cooling-pressuredrop across engine corrected for adialatic
compression of air at face of engine, in. water

AT increment of meaiieffective gas temperature, OF
z

Atm in.crernent~f dry effective irlet manifold
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Figure 1.– Setup of single-cylinderair-cooledengine.
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Figure 3.- Three views of Pratt&Whitney R-2800-21cylindershowing locationof thermo-
couples.
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Figure 5.- Calibration of the jacket as an air duct.
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NACA Fig. 6

I Q
Engine speed, rpm 2109
Brake mean effectivepressure,lb/sqin 232.8
Fuel-airratio 0.081
Sparksetting,deg B.T. . 20
Carburetor-airtemperature,Ol? 76
Coo159c-airtemrlei-atnre.‘P R?

8-a
A

2108
137.9
0.082
20
80
CIA

8-b
o

2119
220.5
0.082
20
78
76

14
a

2097
135.9
0.083
20
84
f2Q

21
+

2106
137.2
0.083
20
80
QQ

.2

Figure6.-

.3 ●4 .5 .6 .7 .8.91.0 1.5 20 25 3003540
Weigntof coolingair,V, lb/see

Variationof outside-wallheat-transfercoefficient
with weightof coolingair acrosscylinder.
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Fig. 7
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hH Barre.

600- / - ~ _

400-

Engine speed, rpm 2116
Brake mean effective pressure, lblsq in. 138.0

200

0E
.05

Carburetor-air temperature, oF - 88
Cooling-air temperature, oF 91
Apo/060,-in. water 11.4 #-

,06 .07 .08 .09 .10
Fuel-air ratio

Figure 7.- Variation of the effective gas temperature witlnfuel-
air ratio.
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NAOA Fig. 8a

Mgure 8.- Pariationof (Th-ta)/(Tg-Th)md (Tb-ta)/(Tg-Tb)

with (l/v)n’/W’ for single-cylinderengine.
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SYMBOLSAND TABULATION

krh.-airSpark
Fuel- setting,

lmep, air Bc.T.C.
(lh/sq in:) ratio (deg)

Cooling-air
temper-

App

ature, G’
or (in. of waterJ--

l-i

~ Engine
E speed,
m (rpm)

temper-
ature,
o~

o I 2109 76232.8 I o.oglI 20 q I ‘Var5.ed

+

A 210g

A 21.19

94 I Varied137.9 I o.o132I 20 go

221.0 o.og2 20

Varied Vaxied- 20 ‘

13g.o- Varied “20

75 I Varied

c1I 2110 I Varied

17 2116 w

13g

91 I 11.1

?-

0 2123

v 2112

Varied ‘ Varied 20

Varied V’ied 20“

Varied o.og5 .20

97 I Varied

t?j .1 Varied

100 36,9~ Varied.,
I

b 2097 135.9 I o.og3I 20 L3g I Varied

Varied Varied 20 ‘ 134

$32

92 I Varied

Varied I O.oa 20 95 I 36.7

90 I VariedVaried I Varied 20 go

+

x 210t3

~ “2101

Varied

+-t+=+

/30

13&.o “o.og2 20

+

e 2100

& 2104

Varied I o.og4 I 20 94 Varied

94 Varied ‘

94 Varied

gg

-133.7 I o.og7 I ‘ 20. &j

8513307I‘00g71’ 20y I 2104

* I 2093 Varied I O.ogo I 20 92 102 I Varied

.
Conclusion of fig. g
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..::. ,,

o
Engine speed, rprn

4 0 v
2109 2:08 2119 21!10 21!6 2123 2112 Va%ed

Bmep$ lb/sq in.
2)9?

232.8 137.9 221.0 Varied 138.0 Varied Varied Varied 135.9
Fuel-air ratio. 0.0~3 O.OE# O.Otll Vari;; Vari;$ Varig~ Vari:: 0.0L33 0.083 q

~“
?a%-St%% ‘61*C” 75 ;; :; 89 g
Gooling-air temp. ‘F

:;
87 % %! 97 % 89 ccl

App/pGo, in. water Varied Varied Varied Varied 11.1 Varied Varied 36.9 Varied *P
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A b Q x A++ by%

Engine speed,rpm 2110 Varied 2114 2108 2101 2100 2104 2104 2093
Bmep$ lb/sqin. VariedVariedVariedVaried134.0 Varied 133.7 13307 Varied
Fuel-airratio. Vari;: O.0~~Var&d Var::dO.O&J 0.084 0.087 0.087 0.080
E@@:i:t:::; .Ba;”co

;3 82 80 81 %
Cooling-airtemp.‘F

% “ E ;:
95 90 % 97 94 94 94 102

‘pp/peo$ in. water Varied 36.7 Varl,ed Varied Varied Varied Varied Varied Varied
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o VW

Engine speed, rpm 21;9 2:08 2?19 2:10 2?16 2123 2112 Varied 2:97
Bmep, lb/sq in. 232.8 137.9 %21.0 Varied 138.0 Varied Varied Varied 135.9
Fuel-air ratio 0.081 0.082 0.082 Varied Varied Varied Varied 0:085 0.083 #
Spark setting,OB.T.C. 20 20 20 20 20 20 20 20 20 “
Carb.-airtemp. ‘F 80 .78 84 88 89 82 88 84
Cooling-airtemp. ‘F E 94 75 85 91 97 85 100 ~89 w
App/p60, in. water Varied Varied Varied Varied 11.1 Varied Varied 36.9 Varied
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Engine speed, rpm
Bmep, lb/sq in.
Fuel-air ratio
Spark setting,OB.T.G.
Carb.-air temp. OF
Cooling-air temp. ‘F’

‘ App/p60, in. water

A
2110

Varied
Varied

20
84
92

Varied

Varied
Varied

0,081
20
82

369?

4
2114

Varied
Varied

20
80
90

Varied

2108
Varied
Varied

20
80
89

i

A e- &y*.
alol 2100 2104 2104 2093 g

134.0 Varied 133.7 133.7Varied *
0.082 0.0’84 0.087 0.087 0.080

20 20 20 20 20
81 89’ 85 85 92
9’7 94 94 94 102
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NACA Fig,10

(WJ ‘J+/wc
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o 0DUT7A~
Engine speed, rpm
Brake mean effective pressure. lb/sq In.
Fuel air ratio
Spark setting, deg B. T. C.”
Carburetor-air temperature, OF
Cooling-air temperature, OF
App/p60In. water

21*
137.9
0.032

20
80

Varl%

Varied
Varied

0.0;:

{::
36.9

2097
136.9
0.083

20
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Varied

2106 2i 19
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Fig. 14

/ ‘

=k43
/’ Engine speed, rpm 2115

Fuel-air ratio

4

0.0814
Spark setting,deg B.l!.C. 20
Carbmetor-air temperature,ol? 85.’7
Cooling-airtemperature,°F 92.5
ApD/p60,in. water 24.37

I
Indicated

Is -

Figure 14.- Va2iationof performancewith manifoldpressure. I
I 1
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/

1 32 36 40 # 48
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NACA Fig. 15
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NACA l?ig.16

3

1

1

Engine speed, rpm Varied
Brake mean effective
pressure, lb/sq in. Varied

Fuel-air ratio 0.085
Spark setting, deg B.T.C. 20
Carburetor-air temperature,oll 88
Cooling-air temperature,”l? 100
‘pp/p60; in. water 36.9

I II \ P /
.

Varied /1
/

Varied 1/’ I
0.081 /

20
82
95

36.7 $
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Figure16.-
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Indxcatedhorsepower,I

Relationshipbetweencharge-airweightand indicated
horsepower.
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